Abstract. Attracting students' visual attention is critical in order for teachers to teach classes, communicate core concepts and emotionally connect with their students. In this paper we analyze two months of video recordings taken from a fourth grade class in a vulnerable school, where, every day, a sample of 3 students wore a mini video camera mounted on eyeglasses. We looked for scenes from the recordings where the teacher appears in the students' visual field, and computed the average duration of each event. We found that the student's gaze on the teacher lasted 44.9 % longer when the teacher gestured than when he did not, with an effect size (Cohen's d) of 0.69. The data also reveals different effects for gender, subject matter, and student Grade Point Average (GPA). The effect of teacher gesturing on students with a low GPA is higher than on students' with a high GPA. These findings may have broad significance for improving teaching practices.
Introduction
"Culture hides more than it reveals, and strangely enough what it hides, it hides most effectively from its own participants" [20] . This quote fits very well with a Persian proverb and well-known aphorism that has been cited in many ethnographic papers: "a fish is the last creature to discover water". Being immersed in and surrounded by water makes it invisible and almost impossible to notice for the fish. Thus, this paper attempts to scrutinize and reveal the "visibility" and "familiarity" of everyday classroom interactions from the students' perspective, which is often invisible and unfamiliar to us as educators. Our goal is to investigate and reveal some insights into student gazes, trying to achieve an understanding of the situation by closely attending to and documenting the particulars from the students' perspective. Our approach follows Brown's [5] observation that the processes that lead to knowledge construction are habitually and locally situated in nature, as well as Seeley et al.'s [31] observation that "ignoring the situated nature of cognition, education defeats its own goal of providing useable, robust knowledge".
Understanding patterns of classroom interaction between teacher and students, as well as between students themselves, has been an area of interest for teachers. Many ethnographic studies have been conducted to understand the meaning-making practices that naturally and normally occur in mainstream schools [10] , complementary schools [8] and, in particular, mathematics classrooms [35] . In most studies concerning classroom interaction, an "outsider" enters a classroom, video tapes the lesson, takes field notes and pretends to be a fly on the wall. The outsider's visit to the classroom can last weeks or even months. There is a good chance that the outsider's presence impacts on what is observed. There is therefore a major issue concerning the extent to which an observer affects the situation under observation [9] .
Observing involves interpretation by the observer "who has desires and prejudices, sensitivities and propensities" [26] . As observers in the classroom, we observe what we are prepared to observe and we notice what we are sensitized to notice [26] . This fact makes the observer part of the observation. Furthermore, with classroom observation there is no objective place to stand; all observation involves standing somewhere, which subsequently influences what is seen. A classroom observer makes 'choices' and 'decisions' [11] concerning the timing and setting of the observation. For example, during the video recording process we make choices influenced by our "identities and intentions, choices that are also affected by our relationship with the subject" [7] . "The focus of the video camera is selective" [3] and "every camera position excludes other views of what is happening" [17] . Moreover, video recordings produce rich data but only capture a partial view of the social interaction [14] . In practice, recordings that are generated through the lens of a single camera do not capture the whole classroom interaction. The data that is obtained from a single camera has a single focus of attention, whereas students and teachers are capable of focusing on multiple aspects of a complex setting [28] . Therefore, the video recording process can be problematic because there are choices which influence when and whom to record.
Even though there are epistemological issues concerning the validity of data while having a researcher who does not normally belong to the naturally occurring setting, we cannot study the classroom practices outside of its naturally occurring context. "We cannot study the social behavior of a fish by taking him out of water. The child is a child in his world" [4] . Therefore, with the right approach, classrooms can be a natural laboratory for studying situated learning [2] . With this in mind, our approach in this study was to ask students to wear an eyeglass with a mini video camera mounted on it. This way, without having the presence of an "outsider", we would able to observe and document the classroom interaction from the students' own ontological orientations. This approach would enable us to detect who is looking at whom and for how long their visual attention is maintained. Our particular interest for this paper is to identify the students' visual attention on the instruction when the teacher is gesturing, versus when they are not. Furthermore, we want to identify whether the duration of the gaze pattern is different for different subjects. Our study satisfies the fundamental test of research [33] , i.e. our results have predictive power. For example, gestures made by the teacher in situated learning are more effective in attracting the students' visual attention. It is particularly important to note that we are able to make predictions, despite the presence of the difficulties suggested by Rudolph, i.e. this is an observation study of classroom practices, which is a very complex environment that depends on several variables, as well as being a "far different phenomena from those studied in controlled laboratory settings" [30] .
The Role of Gestures in Teaching and Learning
Understanding classroom communication has been a curious and an interesting area of research [32] . However, classroom communication is not only restricted to verbal messages, which has traditionally been the focus of study. An important aspect of communication in teaching and learning is its multimodal nature [13] , which is embodied in learning [25] . The term multimodality refers to the complex repertoire of semiotic resources that interlocutors draw on in different social encounters. For example, a multimodal approach involves looking at language and other means of making meaning, such as images, text, graphic symbols, and gestures [22] . In recent years, researchers have looked at how gestures are used in facilitating language production, as well as promoting learner comprehension [1, 24] .
Speakers adjust the frequency and size of their gestures in accordance with how likely a gesture is to benefit their listener's understanding [21] . Gestures have been found to complement the verbal message beyond their semantic meaning. Farsani [12] examined a teacher's gestural representation that helped convey both the concept and a new mathematic register to bilingual learners with different levels of English proficiency. In describing the mathematical notion of 'isosceles triangle', the classroom teacher pointed to his eyes as he uttered 'isosceles' in his speech. Phonologically, there is a strong connection between 'isosceles' and how it is pronounced (eye-sosceles). Therefore, the teacher's gesture acted as a mnemonic device to help remember key terminology and a mathematical concept by emphasizing how our eyes are like the two identical sides of an isosceles triangle. Gestures may be more helpful to listeners with weak verbal skills than to listeners with strong verbal skills [21] . However, it is important not to overinflate gestures as interpretive resources. As with any other form of data in qualitative research, gestures are transitory, ephemeral, partial and incomplete, and need to be considered and evaluated in relation to their accompanying verbal message. Particular attention must therefore be paid to 'hearing gestures' [16] , in the same way that it is important to 'hear' speech. Speakers often change the size of their gestures, as though they intend for larger gestures to be particularly communicative, while also producing larger gestures when they are describing information that is unknown to their listener or when they are particularly motivated to communicate clearly [21] . Given this, we are therefore interested in discovering to what extent students glean information from their teacher's gestures. What is really happening from the students' perspective when a teacher is gesturing? Where exactly do learners place their visual attention when a teacher is gesturing?
Traditional research into classroom interaction often fails to acknowledge the reciprocal visual attention between students and the classroom teacher. Only recently has technology allowed researchers to look into the 'black box' of classroom practices. For example, a gaze tracker has enabled researchers to document and identify fine-grain information about learners' visual attention in real-time or moment-to-moment activities as they are engaged in their routine classroom practices [15, 29, 34] . As a methodology, gaze tracking seems to be a promising tool for fine-grain analysis of meaning-making practices during classroom communication, as well as student attention. To our knowledge, no previous study has ever analyzed the duration of students' visual attention while the teacher is naturally and spontaneously gesturing during his instructional talk. Furthermore, we are interested in examining whether the attention on the teacher is more sustained if the teacher makes gestures, in comparison to instances when no gestures are made.
Process of Data Collection and Analysis
The data that emerges in this paper is part of a larger dataset which investigated the interactional patterns in a classroom by examining the gaze between students and the classroom teacher [2] . From September 26th, 2012 until November 27th of 2012, a fourth grade classroom teacher and a sample of three students selected each day were asked to wear a mini video camera, which was mounted on eyeglass frames. The original eyeglass lenses were removed so as to minimize the weight and facilitate the original view. Each day, the teacher and students had to wear the eyeglass for approximately six hours. Students took the eyeglasses off during breaks and lunch time, as well as when they went to the bathroom. The class consisted of 36 students (21 boys and 15 girls) and the average age of the students was 10.5 years. Both the parents of the students and students themselves gave signed consent to wear these eyeglasses, as well as agreeing to allow any information that was obtained to be disseminated both in professional conferences and in journal articles.
The recordings were manually downloaded at the end of each day. A total of 12,133 min of interactional data was recorded, from which 2,600 min came from the teacher and the rest from the students. In this study, we were primarily interested in looking at instances where the students visually focused on the teacher as he was conveying the instructional information. Considering that the videos had a recording quality of thirty frames per second (30 fps), every second, or every thirty frames, a frame was sampled from the videos. Each frame that was obtained was processed using the OpenCV software in order to detect the presence of faces. A total of 24,148 faces were detected and each face was saved as an image file. Each facial image was then processed semi-automatically using the Google Picasa software in order to identify the subject. Picasa initially identified around 60 % of the faces, and after a few iterations of training, where the software asked us to confirm some of the automatic identifications; it ended up identifying 80 % of the persons. The remaining images, mostly the low-resolution images of faces, were subsequently identified manually.
Of all of the detected and identified faces, there were a total of 857 frames (still images) where students looked at the classroom teacher. In another study [2] , we analyzed all the frames, including the gazes among peers. In this particular study we were interested in instances where students kept their focus on the teacher, therefore of the 857 frames where students looked at the classroom teacher, we decided to discard frames where there were other faces (or distractions) present in the same frame. For example, in Fig. 1 , we are not sure whether the attention is on the teacher or the other student (given that the OpenCV software identified and saved both faces). We therefore primarily looked at frames where only the teacher's face was present. Furthermore, visibility of the teacher's gestural enactment was essential. Instances where the teacher's hands were blocked due to an obstacle (e.g. a chair, a desk or the student sitting in front) were not considered. Clarity of the frames was also important; therefore if a student moved his/her head fast and suddenly, it often generated a blurred frame, which was also discarded. With this restriction, we obtained 264 frames from the total of 857 that were initially generated by the computer.
Furthermore, given the fact that two consecutive frames from the same video camera where the student is looking at the teacher (consecutive meaning that they are only one second apart) do not represent two independent gazes, rather the same gaze that was maintained for more than one second, we define a 'scene' as two or more consecutive frames coming from the same student's camera. Of the 264 frames where the students were looking directly at the teacher, we found 83 scenes, with the shortest containing only two frames, and the longest containing up to ten frames. Of the 83 scenes, 43 scenes correspond to when the teacher made some kind of gesture and 40 scenes correspond to when no gesture was made during his instructional talk.
Using these restrictive categorizations made our interpretation and analysis of the frames more effective. Each of our team members examined every scene in order to look for subtle and silent hand gestures [27] . Reading still images [23] was, indeed, an integral part of the analysis, noting what each student and teacher did, moment by moment. For example, Fig. 2 shows two frames where the classroom teacher is using his gesture space to convey his instructional talk. His gestures can be spontaneous as well as deliberate, synchronous or asynchronous. Gestures could be used to: align with prosodic prominence patterns in his speech (as politicians often do), pantomime to accentuate his verbal message visually, or point to objects or information on the board. The gestures that are employed here could be used for disciplinary remarks and/or pedagogical practices. On the other hand, Fig. 3 illustrates two consecutive frames where the students' gaze is maintained on the teacher, but the teacher is not gesturing. Fig. 1 . In this frame, the eye gaze and the attention could be on the teacher, the other boy (who is also wearing the eyeglasses), or on both
Results and Discussion
In this paper we consider 'attention' to be the focus of the student's gaze. Of course, this may not always be the case. It is possible for a student to focus on a visual target (teacher) without paying attention to it (i.e. 'looking without observing') and, conversely, paying attention to something without directly focusing on it ('observing without looking') [18] . There is a very crucial and subtle difference between the two. However, in this paper we are assuming that the duration of the students' visual gaze on the teacher is the same as the duration of the students' visual attention on the teacher. With this in mind, we analyzed the moments when a teacher made a gesture as he conveyed his instructional information, in comparison to instances when no gestures were made. What we were particularly interested in identifying was: (1) for each gaze, who is the subject that is looking at the teacher, in terms of their gender and Grade Point Average (averaged annual school grades in the subjects in study, GPA); (2) the duration of the students' visual attention on the instruction while the teacher was gesturing versus when they were not; and (3) whether the duration of a gaze pattern was different for different subjects, specifically in mathematics lessons.
First let us review the mean duration of the students' visual attention on the teacher when no gesture was made. In this sense, there were 40 scenes, each scene containing a minimum of 2 consecutive frames and a maximum of 8. The analysis revealed a mean Fig. 2 . Two consecutive frames illustrating when the teacher is not gesturing Fig. 3 . Two consecutive frames illustrating when the teacher is gesturing of 2.58 s, with a standard deviation of 1.24. In contrast, the other group consisted of moments when the teacher gestured during his instructional talk, with a total of 43 scenes comprising 161 frames. In this group, there was a minimum of two consecutive frames and a maximum of 10 consecutive frames, with a mean of 3.74 s and a standard deviation of 2.04. The difference in the amount of time that students gaze at the teacher when he is gesturing versus when he is not gesturing indicates a 44.9 % increase in the students' visual attention for moments where the teacher gestured, with a p-value of 0.002. We estimated the effect size for different lengths of gaze by calculating Cohen's d, where Cohen's d is defined as:
This gave us a value of 0.69. We also analyzed the students according to their GPA, whereby students with an above-average GPA are defined as having a "High GPA" and students with a below-average GPA as having a "Low GPA". We obtained 63 scenes where high GPA students looked at the teacher and only 20 scenes where low GPA students looked at him. Even so, of the 63 scenes when High GPA students look at the teacher, only 46 % correspond to when he is gesturing. In contrast, of the 20 scenes from when the low GPA students look at the teacher, 70 % correspond to when he gestures. The p-value of the difference between these proportions is 0.031, with a Cohen's d of 0.48. This means that low GPA students focus their attention on the teacher more when he gestures than High GPA students, compared with when he does not gesture.
Let us now compare and contrast the students' visual attention in mathematics lessons, compared to all other subjects. For mathematics lessons, we found 29 scenes: 13 from instances where no gestures were made and 16 from moments in which the teacher made gestures. We found a mean of 2.69 s with a standard deviation of 1.18 for when no gestures were made, versus 3.94 s for instances when gestures were made, with a standard deviation of 2.41 (p-value 0.1, Cohen's d 0.64). Even though these differences are not statistically significant, there is a 46.8 % increase in the students' visual attention for moments in which the teacher made gestures in the mathematics classrooms. Furthermore, it appears that in mathematics lessons students visually pay more attention to the teacher (regardless of whether he is making a gesture or not) than in any other subject. In addition to this, if the teacher gestures in a mathematics class, 69 % of the students will look at him, whereas when he gestures in other subjects, only 50 % will look at him. The difference in these proportions has a p-value of 0.049, and Cohen's d of 0.38 (Tables 1 and 2 ). 
Conclusions and Practical Implications
Our results not only support previous findings [2] , but also reveal more about the nature of students' visual attention with regards to teacher gestures. Although this study only featured one fourth grade classroom, belonging to a district with one of the lowest levels of socioeconomic status in Chile, as well as only one teacher and three students selected every day (with all students wearing the eyeglasses at least twice), the findings have a more general predictive power. As Wieman [33] noted, "a good qualitative study that examines only a few students or teachers in depth will allow one to recognize, and hence more accurately predict, some factors that will be important in educational outcomes and important in the design of larger quantitative experiments in similar populations". Although our study is on a small scale, we can generate precise quantitative predictions with reasonable accuracy regarding what is likely to be observed in student behavior within situated classrooms. This paper suggests that students paid more attention to the teacher when the instructional talk was accompanied by gestures. Specifically, if a teacher gestures, this would have a higher effect on students with a Low GPA than students with a higher GPA, as well as on boys. On this matter, a future study would be to analyze if this effect is maintained if the teacher were female instead of male. Given that this study counted only with one male teacher, this may affect the pupil's ability to relate to him, given that students may be sensitive to role models with the same gender. The teacher's gestures in mathematics lessons played an even more crucial role in capturing the students' visual attention. It appears that the students' visual attention on the teacher in mathematics lessons was higher than in other subjects. The teacher's gestures, therefore, appeared to act as nonverbal amplifiers for maintaining the students' visual attention for longer.
The implications of this study raise awareness of how technology can be used to understand fine-grain meaning-making practices during classroom interactions that can be relevant in transforming practice [19] . We would like to conclude this section by reflecting on a recent observation that was made by Castañer and her colleagues [6] . They believe that, regardless of a teacher's experience and qualifications, it is always worth questioning the forms, styles and quality of the messages that are conveyed verbally and nonverbally in their professional teaching practices. We believe that optimization of these very subtle and silent nonverbal messages can have a direct, positive impact on the teaching and learning process. One recommendation and practical application is to incorporate nonverbal training in teacher education courses, both for pre-service and in-service teachers, in order to raise awareness of the communicative function of nonverbal language. In other words, we must not only consider the pedagogical effects of gestures in teaching and learning, but also how these can be used for disciplinary purposes.
The findings of this study open a new window of investigation and give rise to the following future research questions: would we obtain the same results if we had conducted this same experiment in countries where people are known to gesture greatly, or, to the contrary, countries where people are known to be less expressive? And also, what other nonverbal variables affect the flow of interaction between teacher and students, as well as among students themselves?
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